SUMMARY Digitised M mode echocardiography was used to determine the relation between the degree of left ventricular hypertrophy and abnormalities of isovolumic relaxation and diastolic function. Fifty six patients with varying severity of non-malignant systemic hypertension without evidence of ischaemic heart disease, left ventricular dilatation, or clinical heart failure were studied. In addition, 10 athletes with hypertrophy and 20 normal subjects were studied. Athletes and patients with moderate (systolic blood pressure 175 to 200 mm Hg) and severe hypertension (>200 mm Hg) had a significant increase in left ventricular mass. Cavity dimensions were normal in hypertensive patients and increased in athletes. Systolic function was normal in all groups. Regardless of the degree of hypertrophy patients with hypertension had a prolonged isovolumic relaxation period and delayed mitral valve opening. Patients with hypertrophy also had a reduced rate and prolonged duration of rapid early diastolic dimension increase and posterior wall thinning. Athletes, however, who had an equivalent degree of hypertrophy to patients with moderate or severe hypertension had entirely normal function. Measurements of diastolic function were significantly correlated with wall thickness and left ventricular mass. These indices of hypertrophy, particularly posterior wall thickness and the sum of posterior wall and septal thickness, were positively correlated with the duration of isovolumic relaxation and delay in mitral opening and negatively with the peak rate of early diastolic dimension increase and wall thinning.
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Thus in hypertensive patients with non-dilated left ventricular hypertrophy there appears to be a relation between the degree of wall thickening and abnormalities of diastolic function.
Left ventricular hypertrophy which develops in response to pressure overload is presumably a homeostatic and beneficial process for normalising peak systolic wall stress and reducing oxygen requirement.' Gross systolic function (ejection fraction, peak velocity of circumferential fibre shortening, and rate of pressure rise) is often normal, but a recent study in hypertensive patients has shown that systolic left ventricular performance declines with increasing left ventricular hypertrophy.2 Nevertheless, systolic function may be normal even in the presence of severe hypertrophy, but abnormalities of diastolic behaviour may frequently be detected. These include a raised left ventricular end diastolic pressure, prolonged and incoordinate relaxation period, reduced peak rate,
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Accepted for publication 26 January 1984 and prolonged duration of left ventricular filling and wall thinning.3-7 The purpose of this study was to determine the relation between abnormalities of diastolic function and the degree of myocardial hypertrophy in hypertensive patients.
Patients and methods

STUDY POPULATION
Fifty six patients with non-malignant systemic hypertension without severely impaired renal function in whom high quality echocardiograms could be obtained were selected to provide a study population of patients with a widely varying degree of left ventricular hypertrophy. Left ventricular hypertrophy was diagnosed when the sum of the echocardiographic posterior wall and septal thickness exceeded two standard deviations (SD) from normal (for example >2.4 cm). All patients were in sinus rhythm without chest pain or clinical heart failure. Patients were 637 group.bmj.com on July 6, 2017 -Published by http://heart.bmj.com/ Downloaded from excluded if they had electrocardiographic evidence of myocardial ,infarction or bundle branch block, radiological pulmonary venous congestion, or echocardiographic left ventricular dilatation (>2SD from normal). In addition, 30 control patients (20 normal subjects and 10 athletes) were studied.
Hypertensive patients Fifty seven patients with a wide range of blood pressures and hypertrophy were.studied before or within 24 hours of starting treatment. They were divided into three groups by the degree of rise of blood pressure.
Mild hypertension (Fig. 1) 
Results
LEFT VENTRICULAR STRUCTURE AND FUNCTION
Measurements of left ventricular posterior wall and septal thickness, dimension, and mass are summarised in Table 1 . Left ventricular cavity dimensions were within the normal range in hypertensives, but the diastolic dimension was increased in athletes (p<0001). Athletes and moderate and severe hypertensives had significant thickening of the posterior wall and septum and increased mass (p<0001).
There were abnormalities of left ventricular function in all groups of hypertensives, but athletes who had equivalent degrees of hypertrophy to moderate or severe hypertensives had entirely normal function. In all subject groups fractional shortening and peak velocity of circumferential fibre shortening were normal (Table 1 ). In hypertensives, isovolumic relaxation was prolonged (p<0.001), mitral valve opening was delayed from minimum dimension (p<0.001), and significant cavity dimension increase (p<0-001) was seen during isovumic relaxation (p<0 01). These abnormalities were also observed in mild hypertensives without echocardiographic evidence of hypertrophy. groups. In some patients in the latter two groups minimum dimension could precede A2.
In early diastole the peak rate of dimension increase was reduced in severe hypertensives, and the early diastolic filling period was prolonged (p<0-001). There was a reduction in the peak rate (p<0.01) and increase in duration (p<0.01) of the initial rapid phase of wall thinning in moderate and severe hypertensives.
RELATION OF STRUCTURE AND FUNCTION
Measurements of diastolic function were significantly correlated with indices of hypertrophy especially posterior wall thickness and the sum of posterior wall and septal thickness ( Table 2 ). These indices of hypertrophy showed a significant positive correlation (p<0O001) with delay in mitral valve opening (r=0-57 to 0-7), prolonged isovolumic relaxation (r=0.44 to 0 52), and dimension change during isovolumic relaxation (r=0-56 to 0.67). The peak rate of dimension increase was negatively (r=0-42 to 0-55), and its duration positively (r=0-47 to 0-59), related to the degree of hypertrophy. A similar relation was seen with the peak rate (r=0.41 to 0-55) and duration of posterior wall thinning (r=0.34 to 0*51). Systolic measurements of function were not significantly correlated with the degree of hypertrophy.
Discussion
In this study we examined the relation between the altered diastolic behaviour of the left ventricle and the degree of hypertrophy expressed as wall thickness and mass. Digitised M mode echocardiography was used as it allows localisation of epicardium as well as endocardium at an adequate rate throughout the cardiac cycle, features which are necessary for the study of left ventricular diastolic behaviour.89 Normally A2 precedes minimum dimension by 36-60 ms, and mitral valve opening defines the end of isovolumic Table 2 Left ventticular hypertrophy relaxation; thereafter changes in wall thickness occur synchronously with those of filling so that maximum wall thickness coincides with minimum cavity dimension and the onset of mitral valve opening.'0
In patients with hypertension isovolumic relaxation was prolonged, and mitral valve opening delayed, and was usually acccompanied by an increase in cavity dimension during isovolumic relaxation even in the absence of hypertrophy. Prolonged left ventricular ejection time and delayed A2 are well recognised features in aortic stenosis,"I but A2 and minimum dimension may be almost synchronous in some patients with hypertension.'2 13 In addition, this may occur in ischaemic heart disease,'2 where it correlates with evidence of incoordinate systolic wall motion. In left ventricular hypertrophy, abnormalities of wall motion in late systole presumably disturb the relative timing of A2 and minimum dimension. Prolonged and incoordinate relaxation has been previously reported in left ventricular hypertrophy. 4 We have shown that these abnormalities were significantly correlated with the degree of hypertrophy and were absent in only nine patients with hypertension. If patients with raised left ventricular end diastolic pressure (which has the effect of reducing the duration of relaxation)'4 had been included this relation probably would not have been found. Such abnormalities may also be found in hypertrophic cardiomyopathy,4 and although prolonged and incoordinate relaxation may be properties of the hypertrophied myocardium these are not specific abnormalities and may be found in isolated ischaemic papillary muscles'5 and diabetic patients without hypertrophy.'6 In addition, reduction of hypertrophy by treating hypertension and aortic coarctation does not correct impaired relaxation.7 17 After mitral valve opening a period of rapid left ventricular filling occurs lasting 120-200 ms. Previous studies using echocardiography and angiocardiography have shown that this may be abnormal in left ventricular hypertrophy.45 18 We confirmed that the peak rate of dimension increase may be reduced and its duration prolonged in patients with hypertrophy, and there was a significant correlation between measurements during filling and the degree of myocardial hypertrophy. The mechanism of early rapid diastolic filling is ill understood: it is not due simply to left atrial/ ventricular pressure difference'9 but may be due to the recoil of elastic forces. This may be shown as echocardiographic rapid wall thinning, which normally has a peak rate of 8-12 cm/s and lasts for 90-140 ms. In hypertrophy, the peak rate of posterior wall thinning may be reduced and prolonged in duration, and this is also significantly related to the degree of hypertrophy. This would suggest that 641 impaired wall thinning is due to altered behaviour of the hypertrophied myocardium in a smaller fashion to relaxation.'0
The correlations found between indices of hypertrophy and abnormal diastolic properties do not prove a causal relation, especially as the component of myocardial structure by which they are determined is unknown. Myocardial hypertrophy is presumably a homeostatic mechanism, and why athletes do not develop abnormalities of function, whereas equivalent degrees of hypertrophy in secondary hypertrophy result in pronounced impairment, is also unknown. In general, however, hypertensive patients without posterior wall thickening had isovolumic relaxation abnormalities alone, and those with hypertrophy also had impaired wall thinning and filling. Other factors may also be important in altering diastolic function in hypertrophy especially myocardial ischaemia and fibrosis, and the latter has been shown to increase with greater severity of hypertrophy.20 Previous studies have found that patients with hypertrophy of various causes had similar abnormalities of diastolic function, and our results suggest that these are significantly related to the degree of hypertrophy. We found that while fractional shortening and therefore derived indices of pump function and cardiac output remain relatively normal in hypertensive left ventricular hypertrophy diastolic function is frequently impaired. This included prolonged and incoordinate relaxation and reduced peak rate of cavity dimension increase and posterior wall thinning. In contrast, athletes, who had an equivalent degree of hypertrophy, had entirely normal function.
